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-The equating of'scores on alternate forms of

different achievement tests through the usé of the three-parameter

latent trait model,

item-response theory (IRT) equating, was compared

with the results oi score equatings based on conventional linear and
curvilinear equating models. Ten equatings were completed. for pairs:
of alternate forms of the Advanced Placement Program, wh1ch measures
different content areas and traits in each subject area. It was found

.

assumption,

that despite t

rent violation of the unidimensionality

P
Egtquatzng results obtained sthrough the IRT equatingY¥

mode} wete found to be in agreement with those of the conventional

' equating models. By demonstrating that the IRT equating results
parallel those of the s1mp1er, less costly;’ conventional methods, it
has been “shown, that it ig still possible, to equate scores.on

. non-parallel tests under COnd1tfons wh1cH‘make conventional equating

inapplicable.
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Purpose of the Studz1

N :
‘The equating of scores on non—parallel forms of a test through the )
) . ' - P AN i
application of the three-parameter latent trait model (Lord, 1980), here-

after reférred to as item-response theory (IRT) eduating, has been shown

.
- > .

“(Marco, Petersen and Stewart, 1980 Petersen Cook and Stocking, 1981) ‘to
N -W,. .

[y .

yield at_least accura e,"and in sdme instances more accurate results
. ‘\\

t 3

thaq thosgwpf conventiOnal linear and curvilinear equating models (Angoff

-3 - ’ .
- Y. 8

'197L) fgr the College Board ScholaStic Aptitude Test &SAT) In the second, >

Xl .
B ﬂ\ ., N .

'study, Petersen et al 1nve5tigated the drift in SAT score scale by cemparing

oS L .
.\ - 't._z

the results obtained from the conventional and IRT equating methods Their
1oes

study design involVed the equating of a test to itself in a circular chain
through ‘a series of links (e g a—sb—wc—md—oe— f— a) in which

each new test -1s equated to a previous one through an anchor test common to

o
° -

the adjacent paL{ of tests being equated; The ejtent of the scale drift was

then determined as thevdifference between the scaled-score conversions for

-

each raw score'sm test a at the start and at the end of the circular chain.

They concluded from their'results that the smallest scale drift occurted under

v
- ~ A

the IRT equating method ) . © .

Y

If/IRT eﬁuating works for the’ SAT, can it also work for achievement tests?

v -

hievemernt tests, in general, may not satisfy ti assumption of unidimension-

qality Mhich”hnderlies the use of latent trait models. Therefore, the primary
;

purpose of this inVestigation is to exploréathe extent to which IRT equating

results parallel those ‘of conventional e;uating methods under conditions which

probably'violate the unidimensionality ;8sumption. ' \

o . -
. o’ . . SR

This investigation was supported by the College ﬁntrance Examination Board
through its tésting -and research programs. The author wishes to thank Martha
‘Stocking for assisting with the LOGIST runs and to Samiel Livingstbn for his

helpful comments on the draft of this report. . .

1
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Anothe? reason for exploring the feasibility of IRT equating for different

types of achievement tests is that, under the current test-disclosure environ-

ment, it may not_ even be possible to locate a single previous‘edition with—a

. “ .

’ sufficient number of items in common withaa new edition to allow for the use %

Lo y‘ - ’ - t
of convent;onal equating models.‘JBut <IRT equating requires-enly that a,suffi—

. B -

cient number of 1tems on a new test edition will.h&ve been calibratea and p1aced

\ o Ao~ -., h

_ on a common abildty scale. Thereforev IRT equating hould still he accomplished

-Ac et

even if‘the.calibrated items on the new test edition had been drawn from several ‘

3
P

.®
+ -

previous editions. C : ) PN

toor

To- % ~ -

- . .. ‘Design of the Study

—

»

N

The multiple—ch%ice sections’ of 11 achiéevement examinations administered

1 .

in the College Board Adpanced Platement program were used for the study. Except
\ N ®

for two 45-minute examinations in Physics C (Mechanics, and L Electricity and

2
e

Magnetism), the remaining”nine were made up' of 75- to 90-mifiute examinations.

The equated scoreg on .two editions, A and B, of each achievement examina-

tion were detexmined by three equating methods. the conventional linear and

. ¢

equipercentile equating methods described by ﬁngoﬁf (1971, pp. 568-83) and, the

three—parameter IRT equating method For a'given test A score, the equated ’

test B scores obtained under the two conventiofhal equating methods were then

¢ .
;

L2 -
method oL e e«
7 *® ) -
. » ) P s
A%%ﬁf equating procedures used interngl'-anchor tests ranging from 14

- to 30 que ’iong./ For the IRT equating, tie internal anchor;test was used td -~

R TR - 4 . l o e
transform the item pardmeters for each to test tq a eommonﬁabilitx,scale

~ - . . »

[ L 14

-




ol

A4 o -3- X . ‘

i

« The program LOGIST (Wood, Wingersky & Loxrd, 1976; Wood & Lord, 1976) was used
p to obtain the item“parameter estimates from which the true-score equating of

raw scores onh tests A and B was accomplished.

~ ’

- - Al though it would have strengthened the study to confirm by factor .
analytic methods that the exams used in the study are not unidimensional, the

<t L s diversity of‘the content areas encompassed by some of those exams leaves little

doubt about their be1n far from unidimensional The 120%item biology exam, ‘
l ! \ s

for example, was made up of questions in three specific cobtent areas: organ-

ispal, molecular and\populational biology,-each area testing knowledge of facts,

principlesﬁedﬁ processes of biology, understanding the means by which biological

information is collected, how it is interpreted, and how one formulates hypotheses
\ .

from‘available'data and makes further predictions. The chemistry exam contained
quesfions on structure of matter, states of matter, chemical reactions, and .

) .Ide'scriptive' chemistry. The questions dealt with understanding and application N
. . .
of Briaciples or calculationsyor observations and c;nclusions in experimental ' . )

' i
situations, etd. The physics exam tested knowledge of phygics and the ability

" to interpret and apply the ﬁnowledge both qualitatively and quantitatively,

s - éetermine directions of vectors or paths of particles or light rays, draw or
) o, A ) ; ' » .
— interpret diagrams, account foriobserved phenomena, interpret or egpfess

physical relationships in graphical forms manipulate equations and solVe‘problemsl

. The, foreign language exams, comprising listening, reading, writing and speaking ‘;

5 .components, tested‘the ability to comprehend formal and informal spoken language,
. ®

& -

the acquisition of vacabulary and a_grasp of structure’ as wez1 ag the ability to ‘ '

.- . A -
. v

vt express ideas orally with accuracy and-fluéency. . S5 vl
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"The conventional and the IRT equatingg used independent repré%entative pes

A ’

samples from the total candidate groups for tests A and B. Part of the

@

}eason fox, not using the same sample is that equatiné was done long after the

) - -

'operétionai program admipistration. Also, since the cost of LOGIST is directly

related to sample‘size, 4t was necessary to reduce the size of somevof the IRT

‘
-

" equating samples.

Table I shows the examinations used for the equatings, the total number
of itemg in the two edifions, A and'B, of each examinatiqn, the number of

'cq?mon items, and deunumber of students in equating samplés and the total

candidate group for each test editdoen.

Equating Results

.
— “ .
, .

' ¥ . g -
Tables 2.a.—2.e. show the equivalent scores on Form B for each of the

~

]

three equating methods fbr‘gelectéz‘égore points on Form'A. The linear

éonversioﬁ,parameters for transforming the Form A scores to their equivalent
’ L, .
Form B scores are indicated at the bottom of the tabulations-for each examina-
. €&
W -
_tion." These parameters were derived®from the Tucker observed-score linear

> e

equating model in preference to the calculations%which had also been obtained -

- * -

= k. .
by applying the Levine equating model (Angoff, 1971). -.The decision rule as to
A ' ) / i )
which of the two linear model'#® equating results should ‘be used for ecore

2

repértigg depénds oh the diffeggnces:in~ability.Lgvel between the groupé that

. R, e . . . S
took’ the test editiohs being équated as well as on the degree of parallelism ..
C e k.S 0 L, d . - ’ ‘ . ' M °
between the tests.” For non-patallel tests administered to;grOups that are not

t

widely discrepant in gbility (as is usually the case for the caliber of getals

. 4

” hd . \; \
group candidates for the Advanced Placement program)- the Tucker linear model

was ‘indicited for score repgrting.,' § Y

o
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s » " : . e -
A - B _5_ -

’ - ’ - ’ T « -
. , - - ] . - . ‘ ¢ 1] . s
. Tables 2.a.-—2.e._show that the results of the different equating methods

. » . .. ) .
& - arédn very close agreement, not differing by more than one point, except at

- N »
L} - e

‘the -two extremities of each sc2le where score equivalences are not usuaily as-

accurate because of the scarcity of datg at those score levels. These
\ ,

’

observatioﬁs are furtheraccnfirmed by the graphs of the equated scores in .

Figures A-K. The close agreement between the results of the three equating

o s methods,particularly those of the IRT andaequipercentile methods, confirms
* 'that the IRT eduating method can be used to generats scoges that are equivaient
. to those of conventional-equating methods. . ) ' A
\ S ‘Fg . . ) Conciusion‘

-
L] -

Although the unidimensionality of the tests used in this equating

experiment was no\\directly tésted, the wide diversity of their content specifi-

cations, the behavioral aspects of the skills and abilities tested as well as:* *
the multidimensionality of corresponding tests for similar ability groups

. - clearly suggest that one could not safely assume - ‘thdt the tests used for this
’ study are unidimensional. Despite the apparent “violation of that assumption,
.. “the equating results obtained through the IRT equating model were found to be

in agreement with those of the’conventional equating models.. The application’
N of Sactor amalytic procedures to demonstrate the multidimensionality of the

tests used in this investigation would have ltrengthened the study It is,
. ‘however, recommenged that a repIication of the presentgstudy include a design
B » L4 - N L= g .

for establishing the extent of scale drift under each of the three equating

S

-
.models by equating a test to itself through a series of interhediate tests in’

P .. - L
° o o

- >

cyclical chain link. . . . .
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Aruitoxt provided by Eric

b » . ' o ?

.By demonstrating that the IRT equating results parallel those of the

" simpler, less costly, conventional methods, it has been shown that it is

N * i ‘ * .
still possible to equate scbres on non-parallel. tests under tonditions %hich

make conventional equating inapplicable. Such a situation will arise when

. °

b
anchor items emhedded in a new test cannot be drawn from & single previous

v

VO - - ‘ r &
edition but from several prewious editions containing calibrated items.

»
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A(99)- B(90) °

™~
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@Number of questions in each test~’form"is indlicated in parentheses, e.g., 1\00 in Form A and 79" in Form B
for American History. ’ .

* . . : . '
Ayailable "gtandard" group, i.e., those candidates who are non hative-speakers and who have spent less
n 1 month in a Fremch- or Spanish-sp ng country. n

&

)

. . 4 1 ¢ . )
Table 1 .
AY . \ .
, ' - Tests and Equating Samples
. CONVENTIONAL - EQUATENG IRT EQBATING
- | L}
No. of Number 0f Students Number of Students ‘
<« Common - *
P Equating -01d Form (A) New Form (B) 01d Form (A) New Form "(B)
EXAMINATION Items W’ Sample Sample Sample (Total Gmp) =~ Sample (Total Grp)
1. AMERICAN HISTORY 21 4,901 ° 4,847 1,782 (21,080)' 3,114 (28,079)"
. A(100)->B(79)¢ : - .. o -
2. BIOLQGY 30 4,843 W 5,422 T 1,614°.  (10,377) 3,165 (12,782)
A(120)- B(120) ‘ ' . ) v ' T
3. -CHEMISTRY S 20 6,084, 3,219 ¢ 3,048,  ( 6,188) 2,694 ( 8,084)
A(80)~> B(80) . \ S _
&, EUROPEAN HISTORY 21 N .5,799" 3,245 , 27899 ( 5,871)- 3,982 - « ( 7,965)
. A(110)>B(90) " . ‘ o . v .
5. FRENCH LANGUAGE 23 . *1,550% 1,692% « 1;533% ( 1,574) ©2,775% ( 2,775)%
A(100)—'B(100) . — . . - ” -
6. MATH: ‘CALCULUS AB . 15 ° 3,277 2,949 1,869 _  (13,885) 3,092 °  (15,581)
A(45)—>B(45) ' . . ’ - , ) A
. , ~ . + . -
J. MATH: CALCULUS BC 15 6,524 2,971 3,259 ( 6,616) 3,850 (7,712) = -
.+ " A(45)->B(45) o _ - N S
.8, pHysiesB - ° 23 1,605 ° '1,647 1,604 ('1,610) 2,385 ( 2,385)
. A(68)— B(70) : , ‘ . : .
9, * PHYSICS C (MECH.) 14 1,462 1,402 ¢ 1,460 - -( 1,489),. ~ 2,096 ( 2,099)
A(35)—B(35) : ) . ' . s .
" 10.. PHYSICS C (E&M) - 1,220 1,057. .°1,222 (1,240) . 1,669 - ( 1,674)
A(35)—B(35) . - St i
11. SPANISH LANGUAGE 27 1,056% . 1,249% 1,040% ( 1,066) 2,805%.  ( 2,805)
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SR * . \ Table 2.a. . . ) L
v ' N ' «
. Comparison of Raw ‘to Raw Score Conversions ' !
. Obtained from Conventional and IRT Equating Methods (l '
. . . Lo e ’ IS
\\ r ' ‘ N . * )
AMERICAN "HISTORY . R EUROPEAN HISTORY, -
I . . & . i A\
L0 = " EQUIVALENT FORM B SCORE - EQUIVALENT FORM B SCORE -
L' : ' (MAX. POSS. 79)° .. - (MAX. POSS. 90)
“. - ' FORM A EQUIPER-  LINEAR* FORM A - .  EQUIPER- LINEAR*
S (100 max.) - IRT - CENTILE ~ (TUCKER) (110 max.) IRT CENTILE (TUCKER)
. Iy - ’ e ~ ¥ . . Y e ! ’ N ) . « . '
| 100 79 79 73 ! ' ©110t ., 90 s - 90
. \ . *) L.
o .90 , 69 69 - 66 ¢+ 100 . . 82 83 T~ B3 ..
| © 80 60 *© 60 s8° . w0, 0B 74 74
74 55 ShoNgy S4. 0 80 ° 65 = 66 .66
Y =~ N . . , \
70, 51 51 . 51 ) S ¥ I 59 . 60 60 ° ..
Lot .60 0 as a3 T w0 h .60 .50 51 . so 7
~59 743 43, 4 50 i 42 42 . 4} .
50 . 3 - 36 36 T 40 - 35 . 34 - .33 ‘
\ . * d - ) - < N ’ .
43 33 32 % R N 30 30
%029, .. 29 29 30 26 25- 7,25 >
' 30, .23 " J2 2 BN © 24 21,0 20 . 20
g 22 17 v 1R . 16 - t20 . 17 T 16 17
. N ~ . B , . . | .\ - -
16 13 4 13° 11 s 10 7. -
: 15 12 12 11 5 1
' RN ! N\ b .
s . 10 9 9 7 S0 0(~1) 0
: (4 ' 6 . ) . . .
r_, 1 \ 1 :. . y» .
} . 0 . 2 3 o .
. cp (S
. . ©
‘ * . i Xk 4 . . ° v?\ - *
| FORM B = ,7327(A) - 0.3762 FORM B = 0’.8250(A)\-§\o.1954
| . . . e AR < T W -
- ‘ ' N .

A\ . . "\, ‘V
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L 2 .
$ ‘ 5 ’ -iO- . }
¢ Table 2.b.°
’ Compalrxis..on of Raw to Raw Score .C(onvei"sions - -
Q}ata:ined from Convertional and IRT Equating Methods
- P c";";
o B1oL0Gf . CHEMISTRY
I /( - , e ‘ i . 4
- EQUIVALENT FORM B SCORE ' EQUIVALENT FORM B SCORE
. (MAX. ROSS. 120) S | QX poss. 80)
‘ [ { -
FORM A, EQUIPER-  LINEAR% FORM A - EQUIPER- LINEAR%
- (120 max.) IRT CENTILE (TUCKER) - (80 max.)- IRT CENTILE (TUCKER)
120 120 120 118 ‘ 80 80 75 73
o 110 110 110 108 ) 75 73 71 68 -
00 , . 99 98 - 98- 70 67 65 + 63
‘ 90 * . 87 . 88 " 88 60 55 54 - 54
5 g5 . 82" 783 - 83 59 54 53 " 53
" .70 - 67. " 68 " 68. 50 45 45 45
.60 s7¢.° 58 . s 48 % 43 143 43
47 © ¢ 4b 44 4 40y - 35 35. 35
v 40 38 38 Tr3r. 5032 28 28 28
- 31 297 . 28 28 ' 25 21 2. . . 21
20 w19 T 17 17 42 19 19- 18
P 10 10 .. 8 7 _ 20 17 17 16
' 0 17570 0(-~3) 10 -8 .78 7"
~ "A N . . _.‘. A ““w - 5 4 . 4 2
: 70 0L v 0 0(-2)
-~ - ° X\L‘:, i
, g ;
“FOBM B = 1.0143(a) £ 3.2529 - CFORM F= .9375(x) - 2.3118
‘v
\
R *3 -
v o 1 ) - > }’1'::*:}
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'o-TabIe 2.c. .

Comparisbn of Raw to .Raw Scoré Conversions
Obtained from Conventional and IRT Equating Methods

FORM A

(45 max.)

P

TR ¢ )

' *’,» . ' . ’ ' . A
FORM B = 1.0556(A) -~ 3.2515 .

45
40
36
29
25 -
20
15
12
10

0

CALCULUS AB. * -

v

¢

o

'EQUIVALENT FORM B -SCORE

IRT

45

39
93, K

26
- 22

17
.12

10

0

(MAX. POSS. 45)

EQUIPER-
CENTILE
W
38
»37
26
‘22
17
12
10

*
FORM B = 0.9819(A) - 1.9861

45
40
36"
.30
25

20 .

18
13
10
5

Con -

T e

Y

.0(~1)

CALCULUS BC

45 45

40 " 40

35 35

29 29
23 23

18 . 18

16, 16

11 10

8

3

“xn

LINEAR*
(TUCKER)
42
" 37
33
26
23"
18
13
10
8

3
0(-2)

-

s
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© . Table 2.d. o %
/ ‘ Comparison ef Raw to Raw Score .Conversions . -
A Obtained from Conventional and, IRT Equating Methods
. PHYSICS-B ° : -, PHYSICS (MECHANICS) '
-

-

FQUIVALENT FORM B SCORE
(QMAX. POSS. 39)

EQUIVATENT FORM B SCORE
> - (MAX. RSS. 70)

. FORM-A " EQUIPER-  LINEAR* FORM A ¢ ,  ° EQUIPER- LINEAR*
(68 Max.) IRT CENTILE  (TUCKER) (35 max.) IRT CENTILE (TUCKER)
( 68 70 . 66 70 35 35 .35 3% - e
60 2 ) 66 62 - 30 29, 29 29 . y
. S0 52 59 52 25 . 2 24 2%
43 45 46 46 L 21 20 20° 20
40 . . 42 42 41 14 13 w13
33 35 35 " 10 9 - 9 9
. ! .
] 20 21 21 2 - 6 6 6, 6,
6, - 17 . 17 ° 17 ' 5 5 5
. 10 11 11 w11 ' "0 0 0
. . 6 . .
0 1. ¢ 0 1 . ”
* . T % ' .
. "FORM B = 1.0207(A) + .5478 FORM B = 0.9857(A) - 0.3743
¢ ’ "
‘ PHYSICS (ELEC. & MAGNETISM)* ’
, ’ . 35 '35° 34 35
30 30" 30 . 30
i 25 25 .25 25
X 16 16 L .16 16
11 11 11 11
7 7 "6 7 . -
° 4 A s 4 o
’ 1 1 P 1 "o (e e
) *FORM B = 1.0163(A) - 0.5462 | . :
Q" o .
Q . R aﬁ%,
ERIC Loy T ~ o . |
o— - - ! * - kv&f ‘ Ie ' . J




FORM A

(100 Max.

-13-
S
Table 2, .
/ .
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